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(54) Isolation structure for DRAM cell with trench capacitor 



(57) A random access memory cell having a trench 
capacitor formed below the surface of the substrate. A 
shallow trench isolation is provided to isolate the mem- 
ory cell from other memory cells of a memory array. The 



shallow trench isolation includes a top surface raised 
above the substrate to reduce oxidation stress. 
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Description 

Field Of Invention 

The invention generally relates to device fabrication 5 
such as random access memories and, more particu- 
larly, to reducing oxidation stress at the shallow trench 
isolation interface. 

Background Of Invention w 

In device fabrication, insulating, semiconducting, 
and conducting layers are formed on a substrate. The 
layers are patterned to create features and spaces. The 
minimum dimension or feature size (F) of the features is 
and spaces depend on the resolution capability of the 
lithographic systems. The features and spaces are pat- 
terned so as to form devices, such as transistors, 
capacitors, and resistors. These devices are then inter- 
connected to achieve a desired electrical function. The 20 
formation and patterning of the various device layers 
are achieved using conventional fabrication techniques, 
such as oxidation, implantation, deposition, epitaxial 
growth of silicon, lithography, and etching. Such tech- 
niques are described in S.M. Sze. VLSI Technology. 2nd 25 
ed.. New York, McGraw-Hill. 1988, which is herein incor- 
porated by reference for all purposes. 

Random access memories, such as dynamic ran- 
dom access memories (DRAMs), comprise memory 
cells that are configured in rows and columns to provide 30 
storage of information. One type of memory cells 
includes, for example, a transistor connected to a trench 
capacitor. Typically, the capacitor is referred to as the 
"node" when activated, the transistor allows information 
to be read or written into the capacitor. 35 

Continued demand to device miniturization to have 
resulted in DRAMs with smaller feature size and cell 
area. For example, reduction of the conventional celf 
area of 8F^ towards and below 6F^ have been investi- 
gated. However, the fabrication of such small feature 40 
and cell sizes creates oxidation stress. The oxidation 
stress, in turn, creates dislocations which increases the 
node leakage current. Such increases in node leakage 
current adversely impacts the perlormance and opera- 
bility of the memory cells. 4S 

From the above discussion, it is apparent that there 
is a need to reduce oxidation stress that results during 
the fabrication of devices. 

Summary Of Invention 50 

The invention generally relates the reduction of oxi- 
dation stress at the shallow trench isolation interface. In 
one embodiment, a random access memory cell imple- 
mented with a trench capacitor is provided with a raised ss 
shallow trench isolation. The trench capacitor, which is 
formed below the top surface of a substrate, such as a 
silicon wafer, serves as the storage node of the memory 



cell. The top surface of the raised shallow trench isola- 
tion is raised above the top surface of the silicon sub- 
strate to reduce oxidation stress. The amount that the 
top surface of the shallow trench isolation is raised is 
sufficient to prevent the bottom of the divot formed dur- 
ing processing from being below the silicon surface. 

Brief Description Of Drawings 

Fig. 1 shows a conventional DRAM cell; 
Figs. 2a-g show the process for fabricating the con- 
ventional DRAM cell of Fig. 1; 
Fig. 3 shows a DRAM cell in accordance with the 
invention; and 

Figs. 4a-4f show the process for fabricating the 
DRAM cell of Fig. 3. 

Detailed Description Of The Invention 

The present invention relates to reducing oxidation 
stress during the fabrication of devices. For purposes of 
illustration, the present invention is described in the 
context of fabricating a trench capacitor DRAM cell. To 
facilitate understanding of the invention, a description of 
the fabrication of a conventional trench capacitor DRAM 
cell is provided. 

Referring to Fig. 1 . a conventional trench capacitor 
DRAM cell 100 is shown. Such conventional trerx:h 
capacitor DRAM cell is described in, for example, Nesbit 
et al., A 0.6 um^ 256Mb Trench DRAM Cell With Self- 
Aligned BuriEd Strap fBEST^ . lEDM 93-627. which is 
herein incorporated by reference for all purposes. Typi- 
cally an array of such cells are interconnected by word- 
lines and bitlines to form a DRAM chip. 

The DRAM cell comprises a trench capacitor 160 
formed in a substrate 101. Generally, the substrate is 
lightly doped with a dopant having a first conductivity. 
The trench is filled with, typically, polysilicon (poly) 161 
heavily doped with dopants having a second conductiv- 
ity. The poly serves as one plate of the capacitor. The 
other plate of the capacitor is formed by a buried plate 
1 65, also having a second corxJuctivity. 

The DRAM cell also comprises a transistor 110. 
The transistor irxludes a gate 112, source 113, and 
drain 14. The drain a rxf source are formed by implanting 
dopants having a second conductivity. Connection of 
the transistor to the capacitor is achieved via a strap 
1 25. Tie strap is formed by providing dopants having the 
same conductivity as the source. As shown, a buried 
strap is employed to connect the trench to the capacitor. 
Other techniques, such as a surface strap, for connect- 
ing the transistor to the capacitor are also useful. To pre- 
vent the punchthrough of the node junction into the 
buried plate, a collar 158 is formed at a top portion of 
the trench. Punchthrough is undesirable as it affects the 
operability of the cell. 

A buried well 170, also having dopants of the sec- 
ond conductivity, is provided below the surface of the 
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substrate with a peak concentration o1 dopants at about 
the bottom of the collar. Typically, the well is lightly 
doped. The buried well serves to connect the buried 
plates of the individual DRAM cells in the array together. 

Generally, the gate and source form a wordline and 5 
bitline. respectively, in the DRAM array. Activation of the 
transistor by providing the appropriate voltage at the 
wordline and bitline junction enables data to be written 
or read from the trench capacitor. A shallow trench iso- 
lation (STI) 180 is provided to isolate the DRAM cell io 
from other cells or devices. To facilitate efficient use of 
substrate area, a wordline 120, which is not connected 
to the ceil, Is typically formed over the trench. Wordline 
120 is referred to as the "passing wordline". As shown, 
the passing wordline is isolated from the trench by the j5 
STI. Such a configuration is referred to as a folded bit- 
line architecture. Other bitline architectures such as 
open or open-folded are also useful. 

Illustratively, the first conductivity is positive (p) and 
the second conductivity is negative (n). However, those so 
skilled in the art will appreciate that DRAM cells formed 
in a n-type substrate with p-type poly filled trenches are 
also useful. Further, it is possible to heavily or lightly 
doped the substrate, wells, buried plate, and other ele- 
ments of the DRAM cell with impurity atoms to achieve 25 
the desired electrical characteristics. 

Figs. 2a-2g depict a part of process of forming the 
conventional DRAM cell. Referring to Fig. 2a. a sub- 
strate 201 for forming the DRAM cell is provided. The 
major surlace of the substrate is not critical and any 30 
suitable orientation such as an (100). (110), or (ill) is 
useful. In an exemplary emlxdiment. the substrate is 
lightly doped with p-type dopants (p*). Typically, a pad 
stack 230 is formed on the surface of the substrate. The 
pad stack comprises various layers functioning as an 35 
etch masK etch stop, and/or chemical mechanical 
polish stop layers. Typically, the pad stack comprises a 
pad oxide layer 231, nitride layer 232, and TEOS mask 
layer (not shown). 

A trench 210 is formed in the substrate. Techniques 40 
for forming the trench is described in, tor example, 
MOIIer et al.. Trench Storage Node Te chnology for Giga- 
bit DRAM Generation. lEDM 96-507. which is already 
herein incorporated by reference for all purposes. The 
trench is filled with heavily doped n*type (n"') poly 214. 45 
The n* poly serves as one plate of the capacitors. A n* 
buried plate 215 surrounds the bottom portion of the 
trench and serves as the other plate of the capacitor. 
The trench and buried plate are isolated from each 
otherby a node dielectric layer 212. In one enobodiment, so 
the node dielectric layer comprises nitride and oxide lay- 
ers. In an upper portion of the trench, a collar 220 is 
formed. The collar comprises a dielectric material such 
as, for example TEOS. Additionally, a buried N' well 280 
is provided for connecting the other trenches in the 55 
array together. 

As shown in Fig. 2a. the surlace of the substrate 
have been polished by. for example. Chemical Mechan- 



ical Polishing (CMP). The nitride layer 232 serves as an 
CMP stop layer, causing the CMP to stop once it 
reaches the nitride layer. As a result, the poly that cov- 
ers the surlace of the substrate is planarized, leaving a 
substantially planar surface between the nitride and 
poly tor subsequent processing. 

Referring to Fig. 2b, the formation of the strap for 
connecting the trench to the transistor of the DRAM cell 
is shown. The trench is recessed, by tor example, reac- 
tive ion etching (RIE). Typically, the poly is recessed to 
about I50nm below the silicon surface. After the trench 
is recessed, a clean step is performed to remove any 
native oxide that may have formed on the silicon trench 
sidewall. The clean step comprises, tor example, a wet 
etch selective to silicon. The clean step removes the 
oxide from the trench sidewalls as well as a to portion of 
the collar, recessing it below the N* poly. As a result, a 
gap between the silicon and poly sidewalls 225 and 227 
is formed. 

A poly layer 240 is deposited on the substrate, cov- 
ering the nitride layer and top portion of the trench. Typ- 
ically, the poly layer is an intrinsic or undoped poly layer. 
The poly layer is planarized down to the nitride layer 
232. After planarization. the poly in the trench is 
recessed to. for example, about 50 nm below the sur- 
face of the substrate, leaving a strap of about 100 nm 
above the n* trench poly. 

Fig. 2c shows the process for defining the active 
area of the DRAM cell. As shown, an anti-reflective 
coating (ARC) layer 245 Is deposited on the substrate 
surface, covering the nitride layer 232 arxi strap 240. 
ARC is used to improve the resolution of the lithographic 
process for defining the active area (AA). A resist layer 
246 is formed above the ARC layer, serving as an AA 
etch mask. The active region is then defined by conven- 
tional lithographic technique. The nonactive region 250 
of the cell is then anisotropically etched by. for example. 
RIE. As shown, the nonactive region overlaps a portion 
of the trench. Typically, the nonactive region is etched 
below the top of the oxide collar. By having an opening, 
dopants in the trench are able to diffuse upward and 
outward to form the buried strap which connects the 
trench to the transistor in a subsequent anneal. In one 
embodiment, the nonactive region is etched about 250- 
400 nm below the silicon surface. The nonactive region 
is the region where a STI is to be formed. 

Referring to Fig. 2d, formation of the STI is shown. 
The resist and ARC layers are removed. To ensure that 
no resist or ARC residues remain, clean steps may be 
employed. Because several oxygen anneal are typically 
performed thereafter, oxygen molecules can diffuse 
through the collar oxide and oxidize the trench poly and 
the silicon sidewalls of the trench. Oxidation in the sili- 
con sidewall and trench poly results in what is referred 
to as a bird's beak. Bird's beak causes stress arxi silicon 
dislocations to form, adversely irrpacting the operability 
of the device. To prevent oxygen from diffusing into the 
silicon and poly sidewalls. a nitride liner 255 is provided 
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to protect the nonactive region. Typically, a passivation 
oxide is thermally grown on the exposed silicon prior to 
forming the nitride liner. The nitride liner is formed by. for 
example low pressure chemical vapor deposition 
(LPCVD). As shown, the. nitride liner is formed over the 
substrate surface, coveririg the nitride layer and nonac- 
tive STI region. 

Deposition of a dielectric material such as. for 
example. TEOS on the surface of the substrate to suffi- 
ciently fill the nonactive region 250. Since the TEOS 
layer is confer mal. a planarization scheme is enployed 
to result in a planar surface for subsequent processing. 
Such scheme, for example, is described in Nag et al., 
Comparative Evaluation of Gao-Fill Dielectrics in Shal- 
low Trench Isolation for Sub-0.25um Technolooies . 
lEDM 96-841. which is herein incorporated by reference 
for all purposes. The surface of the substrate is polished 
so that the STI and nitride layer are substantially planar. 

Fig. 2e shows the process for forming the access 
transistor of the DRAM cell. As shown, the pad nitride 
layer is removed by, for example, wet chemical etch. 
The wet chemical etch is selective to oxide. To ensure 
thai the nitride layer is completely removed, an overetch 
is employed. During the overetch. the nitride liner at the 
top of the STI also gets recessed, forming a divot 257. 
The pad oxide is also removed at this point by wet 
chemical selective to silicon. However, the divot formed 
during the nitride etch exposes the oxide sidewalts on 
each side of the nitride liner. As such, the subsequent 
oxide etches further expand the divot laterally into the 
corner of the active area. 

Subsequently, in Fig. 2f, an oxide (not shown) layer 
is then formed on the surface of the wafer. The oxide 
layer, referred to as a "gate sacrificial layer", serves as a 
screen oxide for subsequent implants. Additionally, the 
gate sacrificial layer reduces divot or rounds the ST! 
corner. 

To define a region for a p-type well 265 for the n- 
channel access transistor of the DRAM cell, a resist 
layer (not shown) is deposited on top of the oxide layer 
and appropriately patterned to expose the P-wel! 
region. 

P-type dopants, such as boron (B) are implanted 
into the well region. The dopants are implanted suffi- 
ciently deep to prevent punchthrough. The dopant pro- 
file is tailored to achieve the desired electrical 
characteristics, e.g.. gate threshold voltage {VJ. 

In addition, p-wells for n-channel support circuitry 
are also formed. For complimentary wells in complimen- 
tary metal oxide silicon (CMOS) devices, n-wells are 
formed. Formation of n-wells require additional litho- 
graphic and implant steps for defining and forming the N 
wells. As with the p-wells, the profile of the n-wells are 
tailored to achieve the desired electrical characteristics. 
After the wells have been form, the gate sacrificial layer 
is removed. 

A gate oxidation layer 262 is formed and patterned 
to cover the region where the transistor is to be formed. 



Poly 267, WSix 268. and nitride 269 layers are then 
formed over the surface of the substrate. As can be 
seen, the divot is filled with poly as well. Referring to Fig. 
2g, these layers are then patterned to form a gate stack 

5 for a transistor 270 of the DRAM cell. A passing gate 
stack 280 is typically formed over the trench and iso- 
lated therefrom by the STI. Drain 271 and source 272 
are formed by implanting dopants having the appropri- 
ate profile to achieve the desired operating characteris- 

JO tics. To innprove diffusion and alignment of the source 
and drain to the gate, nitride spacers (not shown) may 
be employed. To connect the transistor to the trench, a 
strap 273 is created by outdiff using dopants from the 
strap poly 240. 

75 As previously discussed, the divot 257 formed near 
the corner of the active region adversely affects the 
operability of DRAM integrated circuit, such as parasitic 
corner conduction. 

Fig. 3 shows an illustrative embodiment of the 

20 invention. As shown, a DRAM cell comprises a trench 
capacitor 360 and a transistor 310. Since the trench 
capacitor is similar to that described in Fig. 1, only the 
top portion is shown. Illustratively, the transistor 310 is a 
n-channel transistor. The transistor includes a gate 312, 

25 source 313. and drain 314. The drain and source are 
formed by implanting n-type dopants. Connection of tfie 
transistor to the capacitor is achieved via a doped 
region 325. The doped region is formed by diffusing n- 
type dopants from the trench. A dielectric collar 368 is 

30 provided to prevent vertical punchthrough between the 
strap and buried plate (not shown). 

In accordance with the invention, a raised STI is 
provided to isolate the DRAM cell from other DRAI\^ 
cells or devices. As shown, the depth of the raised STI 

35 is similar to that of a conventional STI. However, a top 
surface of the raised STI is located above the plane of 
the silicon substrate surface. The distance that top sur- 
face is raised above the substrate surface is sufficient to 
effectively reduce formation of divots below the silicon 

40 surface in order to reduce corner reduction. In one 
embodiment, the distance that the top surface of the 
raised STI is raised is about < 100 nm. Preferably, the 
distance is about 20-100 nm, more preferably about 40 
- 80 nm, and even more preferably about 50 - 70 nm. In 

45 another embodiment, the distance that the top surface 
of the raised STI is raised is about 50 nm. 

As previously discussed, the formation of divots 
results in parasitic corner conduction. However, the 
present invention prevents the formation of divots by 

50 raising the surface of the STI above the substrate sur- 
face. Furthermore, as will be apparent, the use of the 
raised STI advantageously eliminates the need of a 
nitride liner which also contributes to divot formation. 
Figs. 4a-4f show the process for forming a DRAM 

55 cell with a raised STI. Referring to Fig. 4a, a trench 
capacitor 410 is formed in a substrate 401. In an exem- 
plary embodiment, the substrate is lightly doped with p- 
type dopants (p'). Typically, a pad stack 430 is formed 
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on the surface of the substrate. The pad stack com- 
prises various layers that serve as a etch mask, etch 
stop, and/or chemical mechanical polish stop layers. 
Typically, the pad stack comprises a pad oxide layer 
431, nitride layer 432, and TEOS mask layer (not 
shown). 

In one embodiment, the trench 410 is formed by 
conventional techniques. Such techniques are 
described in, for exanrple, Nesbit et al., A 0.6 um ^ 
256Mb Trech DRAM Cell With Self-Alipned BuriEd 
Strap (BEST) . lEDM 93-627, which is already herein 
incorporated by reference for atl purposes. Illustratively, 
the trench is filled with N"" poly 414. In an upper portion 
of the trench, a collar 420 comprising a dielectric mate- 
rial such as, for example TEOS, is provided. A layer of 
intrinsic poly 440 is formed and recessed to above the 
collar and doped poly. Typically, the poly is recessed to. 
for example, about 50 nm below the surface of the sub- 
strate, leaving a strap 440 of, for example, about 1 00 nm 
above the trench poly. 

Referring to Fig. 4b, a layer of oxide is formed over 
the substrate surface, covering the pad stack and filling 
the opening above the trench. In one embodiment, the 
oxide layer is formed by low pressure chemical vapor 
deposition (LPCVD). The oxide is densrfied. Densifica- 
tion of the oxide is achieved by an anneal of about 900 - 
100°C for about 10-60 minutes in and inert ambient 
such as Argon or nitrogen. The Cf^P results in a thin 
oxide layer 480 on top of the poly, providing isolation for 
the trench. 

Subsequently, the pad nitride and pad oxide layers 
are removed by, for example, a wet etch. A sacrificial 
oxide layer (not shown) is then formed on the surface of 
the wafer. The oxide layer serves as a screen oxide 
layer for implants. 

P-type well region for the n-channel access transis- 
tor of the DRAM cell is formed. This is achieved by, for 
example, depositing a resist layer (not shown) on top of 
the oxide layer and appropriately patterning it to expose 
the p-well region. P-type dopants, such as boron (B) are 
implanted into the well region. The dopants are 
implanted sufficiently deep to prevent punchthrough. 
The dopant profile is tailored to achieve the desired 
electrical characteristics, e.g., gate threshold voltage 
(V^). The different thermal budget on the well dopants 
due to the subsequent raised STI passivation oxidation 
and oxide fill densHication anneal are taken into account 
when designing the desired dopant profiles. 

In addition, p-wells for n-channel support circuitry 
are also formed. For complimentary wells in complimen- 
tary metal oxide silicon (CMOS) devices, n-wells are 
formed. Formation of n-wells require additional litho- 
graphic and implant steps for defining and forming the 
n-wells. As with the P wells, the profile of the n-wells are 
tailored to achieve the desired electrical characteristics. 
After the implants are completed, the screen oxide layer 
is removed by, for example, a wet etch. 

Referring to Fig. 4c, a gate oxide layer 457 is 



formed over the active area of the device. Poly layer 482 
arxJ nitride layer 483 are sequentially formed over the 
substrate surface after the creation of the gate oxide. 
The poly layer is sufficiently thick to offset the top of the 

5 subsequently formed raised STI oxide over the silicon 
substrate surface. In one embodiment, the poly layer is 
about 50nm. The nitride layer is sufficiently thick to 
serve as a polish stop. Typically, the nitride layer is 
atx)ut lOOnm thick. 

70 Fig. 4d shows the process for defining the active 
area of the DRAM cell. The active area is defined using 
conventional lithographic techniques. After the areas 
are defined, the non-active region 450 is anisotropically 
etched by, for example, RIE. To improve the resolution 

15 of the lithographic process, an anti-reflective layer may 
be used. As shown, the non-active region overlaps a 
portion of the trench, leaving a remaining portion to per- 
mit a sufficient amount of current to flow between the 
transistor and capacitor. In one embodiment, the non- 

20 active region overlaps < about half the trench width, 
preferably about half the trench width. The non-active 
region is sufficiently deep to isolate the buried strap 
from the silicon sidewall opposite the side where the 
transistor of the DRAM cell is to be formed. The non- 
25 active region is etched below the top of the oxide collar. 
In one embodiment, the non-active region is etched 
about 250 nm below the silicon surface. The non-active 
region is the region where a raised STI is to be formed. 
A dielectric material such as, for example. TEOS is 

30 deposited on the surface of the substrate to sufficiently 
fill the nonactive region 450. Since the TEOS layer is 
conformal, planar ization schemes utilizing, for example, 
CMP. is performed to planarize the structure. Thereaf- 
ter, the nitride layer is removed, resulting in the raised 

35 STI 455 having a having Its top surface planar with the 
top surface of the poly 482 layer. The removal of the 
nitride layer may cause a divot 490 to form. However, 
since the STI is raised, the divot does not exterxJ below 
the substrate surface. As a result, corner conduction is 

40 reduced or eliminated, making Vj of the transistors more 
uniform. 

Referring to Fig. 4e, a poly layer 483 is formed over 
the poly layer 482. The combined thickness of the poly 
layers is sufficient to formed the gate conductor. In one 

45 embodiment, the thickness of the combined layers is 
about 100 nm. Optionally, a silicide layer 484 compris- 
ing refractory metals, such as WSi^ to reduce the resist- 
ance of the gate conductor, is formed over the poly. A 
nitride layer 484 is formed above the polycide layer or, if 

50 no polycide layer is used, above the poly layer 483. The 
nitride layer serves as an etch stop for boarderless bit- 
line contact etch. 

In Fig. 4f, the surface of the substrate is patterned 
to form a gate stack for a transistor 470 of the DRAM 

55 cell. A passing gate stack 480 is typically formed over 
the trench and isolated therefrom by the raised STI. 
Drain 471 and source 472 are formed by implanting 
dopants having the appropriate profile to achieve the 
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desired operating characteristics. To improve diffusion 
and alignment of the source and drain to the gate, 
nitride spacers (not shown) may be employed. 

While the invention has been particularly shown 
and described with reference to various embodiments, it s 
will be recognized by those skilled in the art that modifi- 
cations and changes may be made to the present inven- 
tion without departing from the scope thereof. Merely by 
way of example, the illustrative embodiments of the 
invention have been described with specific dimen- w 
sions. These dimensions, however, are exemplary and 
may vary according to specific applications. The scope 
of the invention should therefore be determined not with 
reference to the above description but with reference to 
the appended claims along with their full scope of equiv- 75 
alents. 

Claims 

1. A random access memory cell comprising: so 

a trench capacitor, said trench capacitor 
formed beneath a major surface of a silicon 
substrate; 

a transistor comprising gate, source and drain 25 
regions, wherein said drain region of said tran- 
sistor is electrically coupled to said trench 
capacitor: and 

a raised shallow trench isolation (RSTI), said 
RSTI having a top surface that is above the so 
major surlace of the silicon substrate wherein 
the amount that the top surface is raised is suf- 
ficient to prevent a divot that is subsequently 
formed from extending below the substrate sur- 
face. 35 

2. A method of fabricating a random access memory 
cell including the step of forming a raised shallow 
trench isolation; said step comprising: 

40 

forming a trench capacitor beneath a major 
surlace of a silicon substrate; 
forming an oxidation layer on the major surface 
of the silicon substrate, the oxidation layer 
being the gate oxide of the transistor; 45 
forming a first conductive layer over the oxida- 
tion layer, the first conductive layer forming a 
lower portion of a gate conductor of the transis- 
tor; 

forming a dielectric layer over the first conduc- so 
tive layer, the dielectric layer serving as a polish 
stop layer for subsequent polishing step; 
defining and etching a non-active region, the 
non-active region overlapping a portion of the 
trench: 55 
filling the non-active region with a dielectric 
material to form a shallow trench isolation 
region; 



polishing the dielectric material, wherein the 
dielectric layer serves as a polish stop, result- 
ing in a planar surface between the dielectric 
layer and dielectric material; and 
removing said dielectric layer, wherein the 
removing step also removes the dielectric 
material to result in substantially planar surface 
between the first conductive layer and the die- 
lectric material. 
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(54) Isolation structure for DRAM cell with trench capacitor 
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